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Abstract Within the dicynodont genus Turfanodon, there are two recognized species, T. 
bogdaensis and T. jiufengensis. Both species are known by relatively complete cranial materials, 
but the mandibles and most postcranial bones have been described only for T. jiufengensis. This 
paper reports new dicynodont specimens from Turpan, Xinjiang, referring them to T. bogdaensis. 
They can clearly be differentiated from T. jiufengensis by the flatter lateral surface of the snout 
region, a prominent swelling on the lateral dentary shelf, and the rounded femoral head. The 
diagnosis,of7urfanodon is revised. The combination of a flat circumorbital rim, posterior portion 
of anteriorpterygdid rami with converging ventral ridges, and a possible autapomorphy, a deep 
notch on scapula*ferming procoracoid foramen, are confirmed. It also differentiated from all 
dicynodonts other than Myosaurus,.Kembawacela and Lystrosaurus by having accessory ridges 
lateral to the median palatal ridge. 

Key words Turpan, Xinjiang; Lopingians Permian; Guodikeng Formation; Dicynodontia, 


Turfanodon; osteology, postcranial skeleton 


Citation Shi Y T, Liu J, in press. Osteology of Turfanodon bogdaensis (Dicynodontia). 
Vertebrata PalAsiatica. DOI: 10.19615/j.cnki.2096-9899:2405 29 


1 Introduction 


Turfanodon is a large-sized dicynodont of the late Permian Period. It was one ofthe Most 
widely distributed dicynodonts in eastern Pangea and crossed both tropical and temperate 
zones (Sun, 1973; Li et al., 2000; Liu, 2021). The holotype of T. bogdaensis (IVPP V3241) 
was collected from the Guodikeng Formation of Turpan, Xinjiang, China. This genus was 
proposed as a junior synonym of Dicynodon (King, 1988), but has more recently been 
revalidated (Kammerer et al., 2011). Two species, Striodon magnus from Jimusar (Sun, 1978), 
and D. sunanensis from Gansu (Li et al., 2000), have been proposed as junior synonyms of T. 
bogdaensis (Kammerer et al., 2011). Recently, a second species, T. jiufengensis, was named 
based on specimens from the Naobaogou Formation of Nei Mongol, China (Liu, 2021). 
Currently, this genus is the most abundant Permian dicynodont in China. 


HP BLE: Be HUA ESE BLEY SU BYA) (Ai: XDB26000000) Ail +P EE BLY Be AEE BTR UA BE 
Wes AW): 2024-02-05 


2 Vertebrata PalAsiatica 


Turfanodon jiufengensis is known from five specimens including crania, mandibles, and 
relatively complete postcrania, whereas T. bogdaensis is only known from cranial materials. 
Here we report a few new specimens of T. bogdaensis, including many postcranial bones, 
from the Guodikeng Formation of Turpan, Xinjiang, China. They provide more anatomical 
information on this species. 

Institutional abbreviations IGCAGS, Institute of Geology, Chinese Academy 
of Geological Sciences, Beijing, China; IVPP, Institute of Vertebrate Paleontology and 
Paleoanthropology, Chinese Academy of Sciences, Beijing, China; NHMUK, The Natural 
History Museum, London, England, UK; RC, Rubidge Collection, Wellwood, Graaff-Reinet, 
South Africa. 


2, _»Geological setting, material and methods 


The Studied specimens were collected in 2012 from the Guodikeng Formation of the 
South Taodonggou locality, Turpan, Xinjiang. A partial archosauriform left hindlimb (IVPP 
V22764) was excavated with/the dicynodonts at the same locality. This specimen was recently 
made the holotype of a new taxon, Vigilosaurus gaochangensis, and its host layer is estimated 
to be around 252.2 Ma (Angielczykset aly, 2022; Chen and Liu, 2022). 

For the dicynodont materials, most bones belong to a nearly complete specimen, IVPP 
V31402; whereas a smaller humerus, a femur/and)some vertebrae show the presence of a 
second specimen, IVPP V31403. 

The nomenclature of the angular follows Olroyd and Sidor (2022); and some 
interpretations of the structure of the postcranial skeleton follow Bishop and Pierce (2023a, b). 


3 Systematic paleontology 


Anomodontia Owen, 1860 
Dicynodontia Owen, 1859 
Dicynodontoidea Olson, 1944 
Turfanodon Sun, 1973 


Revised diagnosis (expanded from Liu, 2021) Large dicynodontoid with a tall, steeply- 
sloping snout, long caniniform process, heavily pitted facial region, flat circumorbital rim, 
elongated and narrow intertemporal bar, posterior portion of anterior pterygoid rami with 
converging ventral ridges. Possible autapomorphy: deep notch on scapula forming procoracoid 
foramen. 

Differentiated from all dicynodonts other than Myosaurus, Kembawacela and 
Lystrosaurus by having accessory ridges lateral to the median palatal ridge. Differentiated 
from all dicynodontoids other than Dinanomodon by a contact between the premaxilla and 
the frontal. Differentiated from Dinanomodon by having the anterior tip of the snout squared 
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off and nasal bosses present as anteroposteriorly elongated swellings near the posterodorsal 


margin of external nares. 
Turfanodon bogdaensis Sun, 1973 


Holotype IVPP V3241, an incomplete skull. 

Referred specimens IGCAGS V296, an incomplete skull (holotype of “Dicynodon 
sunanensis”); IVPP V31402, an incomplete skull, mandible, and most of the postcranial bones; 
IVPP V31403, a humerus, a femur, three dorsal vertebrae and the 3rd—5th sacral vertebrae. 

Revised diagnosis A large Permian dicynodontoid with a thick lateral dentary shelf. 
Differentiated from its congener T. jiufengensis by weakly developed nasal bosses, a median 
snout groove on premaxilla, flat lateral snout surface, a contact between maxilla and nasal 
(separating lacrimal from septomaxilla), prefrontal anterior extension not extending anterior 
to lacrimal, parietal exposed on midline groove of intertemporal bar, and proximal articular 
surface of femur more rounded. 

Locality and horizon Turpan, Xinjiang and Sunan, Gansu; Guodikeng Formation and 
Sunan Formation, Lopingiat(Changhsingian), Permian. 

Description Theyskull of@VPP V31402 is nearly complete except for the missing 
left postorbital bar, right zygomatic arch, and both caniniform processes (Fig. 1). The bone 
surfaces are poorly preserved, so manySuturestand detailed features are hard to discern. 

The premaxilla has an incomplete anterior margin (Fig. 1). The bone surface is strongly 
eroded, so neither a groove, as in IVPP V324 and IGCAGS V296, nor a ridge, as in 
Turfanodon jiufengensis, can be observed. The premaxilla contacts the frontal posterodorsally, 
which is a diagnostic character of Turfanodon (Fig. 1B) (Suny 1973; Liu, 2021). The 
premaxillary anterior surface is clearly demarcated from the lateral surfacésy,and the lateral 
surface of the snout region is flat, not a bi-planar surface as in T. jiufengensis/ Ind@ijiufengensis, 
the maxilla turns more laterally than the premaxillary lateral surface, forming aseoncaye_area 
below the external naris (Fig. 2A, B) (Liu, 2021). The snout is tall and sloping (Fig. LE, P} 
Two faint accessory ridges lie lateral to the median palatal ridge, as T. jiufengensis (Fig. 1C, D} 
(Liu, 2021). This character has only been reported as present in Myosaurus, Kembawacela and 
Lystrosaurus previously (Cluver, 1971, 1974; Angielczyk et al., 202 1a). 

The septomaxilla forms a concavity posterior to the naris (Fig. 1E). Both caniniform 
processes are broken, so the preserved maxillary ventral margin lies above the level of the 
quadrate (Fig. 1E, F). The maxillary lateral surface is rather smooth, without the distinct 
buttress as in IVPP V3241, similar to IGCAGS V296 (Liu, 2021). 

The nasals are separated from each other by the contact of the premaxilla with the frontal 
(Fig. 1B). The paired nasal bosses are weakly developed (Fig. 1E, F), as in IGCAGS V296, 
while they are hardly discernable in IVPP V3241. The nasal bosses of all of these specimens 
are less pronounced than those of T. jiufengensis. 

The maxilla, the jugal and the squamosal contribute to the zygomatic arch. Laterally, the 
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jugal is covered by the maxilla anteriorly and the squamosal posteroventrally, and it is exposed 
as a natrow strip below the orbit. The jugal also extends dorsally to form part of the posterior 
edge of the postorbital bar (Fig. 1E, F). Ventrally, the jugal contributes to the subtemporal arch 
(Fig. 1C, D). It also forms the dorsolateral margin of the labial fossa (Fig. 1C—F). 


Fig. 1 Turfanodon bogdaensis (IVPP V31402) from the Guodikeng Formation, Turpan, Xinjiang 
Photos and drawings of skull in dorsal (A, B), ventral (C, D) and lateral (E, F) views 
Abbreviations: apr. anterior palatal ridge; ar. accessory ridge; BO. basioccipital; bt. basal tuber; 

EC. ectopterygoid; EP. epipterygoid; F. frontal; ic. internal carotid canal; ipv. interpterygoid vacuity; J. jugal; 
L. lacrimal; la. lacrimal fossa; lf. labial fossa; M. maxilla; mpr. median palatal ridge; N. nasal; P. parietal; 
PBS. parabasisphenoid; PE. periotic; PF. prefrontal; PL. palatine; pla. pila antotica; PM. premaxilla; 
PO. postorbital; POF. postfrontal; PP. postparietal; PR. preparietal; PT. pterygoid; Q. quadrate; 

QJ. quadratojugal; SM. septomaxilla; smc. sphenethmoid complex; SO. supraoccipital; SQ. squamosal; 

t. tusk; V. vomer. Scale bars equal 5 cm 
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Fig. 2. The skulls and humerus of Turfanodon and the humerus of Lystrosaurus 
A, B. the skulls of T. bogdaensis, IVPP V31402 (A) and T. jiufengensis, V26035 (B) in dorsal view, the arrows 
indicate the difference of snout region; C, D. comparison of left humerus of T. bogdaensis, V31402 (C) and 
mirrored right humerus of Lystrosaurus (D) in proximal view, the arrow indicates a bulge which is strongly 
developed in T. bogdaensis, it is the insertion of the M. supracoracoideus (supraspinatus); 
E. the holotype (V3241) of T. bogdaensis in ventral view, 
the arrow indicates the trace of the keel of anterior pterygoid ramus 


The zygomatic process ofthe squamosal tapers anteriorly as a narrow wedge, with a 
straight suture with the maxilla (Fig. »LE, F), same as in IVPP V3241 (Sun, 1973, Fig. 3) and 
IGCAGS V296. The same morphology may also be present in T. jiufengensis, although Liu 
(2021) explained the squamosal inserts in 4hejwgal, and contacting with maxilla only on its 
posterior portion. 

The fat prefrontal forms the anterodorsal corner of the,orbit (Fig. 1). The bone surface 
is poorly preserved, so its suture with the lacrimal and its anterior éxténsion are hard to trace. 


A C 


Fig.3 Turfanodon bogdaensis (IVPP V31402) from the Guodikeng Formation, Turpan, Xinjiang 
Mandible photos and drawings in left lateral (A, B), dorsolateral (C, D), dorsal (E) and anterior (F) views; 
the arrow heads indicate the median and lateral ridges 
Abbreviations: An. angular; Ar. articular; De. dentary; dt. dentary table; lds. lateral dentary shelf; 
mf. mandibular fenestra; pds. posterior dentary sulcus; Pr. prearticular; Sa. surangular; SP. splenial 
Scale bars equal 5 cm 
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Based on bone surface texture, it seems that those two bones extend anteriorly at the same 
level and the lacrimal does not touch the septomaxilla (Fig. 1E, F). 

The frontal contacts the premaxilla anteriorly (Fig. 1B). The postfrontal is wedge-shaped, 
as in the holotype (Fig. 1B). The preparietal is depressed, showing the shape of a ‘three-toe’ 
footprint, with one large median process and two smaller lateral processes (Fig. 1A, B). This 
shape is similar to that of those relatively small specimens of T. jiufengensis, but differs from 
IVPP V3241 and IGCAGS V296 (Liu, 2021). 

The intertemporal bar is formed by the postorbital and the parietal (Fig. 1A, B). 
The postorbital orients obliquely, slightly different from the other known specimens of T. 
bogdaensis. In the holotype, the postorbital is nearly vertical in this region, while in IGCAGS 
W296, the intertemporal bar has some deformation, but a vertical orientation can be recognized. 
Turfanodon jiufengensis has a vertically oriented postorbital, as in IVPP V3241. The parietal 
is boundedyby the postorbitals laterally and has a narrow exposure on the dorsal surface. There 
is a shallownidline groove formed by the parietal posteriorly (Fig. 1A, B), unlike the crest- 
like exposure in“ jiufengensis (IVPP V26035) (Fig. 2). In both IVPP V3241 and IGCAGS 
V296, the parietal is exposed in the groove formed by the postorbitals (Liu, 2021). Overall, Z7: 
bogdaensis has a wider intertemporal bar than T. jiufengensis. 

The palatine extends antertorly to)the level of the posterior margin of the tusks, 
and it distinctly decreases in width posteriorly(Fig. 1C, D). The posterior extension of 
the ectopterygoid is shorter than that of the‘ palatime, in ventral view (Fig. 1C, D). The 
interpterygoid vacuity is drop-shaped and expose the parabasisphenoid ventrally. It’s margin is 
contributed by the vomer anteriorly and the pterygoid posteriorly. 

The anterior pterygoid keel extends for the entire anterior ramus of the pterygoid 
(Fig. 1C, D), as in T. jiufengensis (Liu, 2021). The posterior portion of the keeljof the anterior 
pterygoid ramus cannot be discerned, but in IVPP V3241, some trace can be observedyof this 
portion (Fig. 2E). Only the anterior process of the epipterygoid is preserved on the left side, 
bordered by the pterygoid (Fig. 1E, F). The quadratojugal is plate-like. The quadrate has a 
rounded anterior edge, as in most dicynodonts (Fig. 1E, F). The periotic has a rod-like pila 
antotica. The sphenethmoid (“anterior plate”) complex consists of the orbitosphenoid and 
mesethmoid, but their sutures are unidentifiable (Fig. 1E, F). 

Mandible: The mandible is nearly complete (Fig. 3), and its shape is nearly identical to 
that of Turfanodon jiufengensis. The symphysis is composed of the dentary, the splenial and 
the angular, and forms an upturned beak (Fig. 3). The anterior surface of the symphysis has a 
median ridge and two lateral ridges that follow the lateral edges (Fig. 3A, B). The symphysis 
and the mandibular rami form a narrow junction anterior to the lateral dentary shelf. This 
narrow portion could accommodate the enlarged caniniform processes when the jaw was 
closed (Fig. 3E). Dentary tables are present. The posterior dentary sulcus developed as a 
narrow groove with two sharp ridges bound it (Fig. 3E). The lateral dentary shelf is developed 


as a prominent swelling above the anterior margin of the mandibular fenestra, unlike the thin 
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shelf of T. jiufengensis (Fig. 3A, B). Its morphology is somewhat similar to that of Kunpania, 
but Kunpania has more distinct dorsal and ventral surfaces (Angielczyk et al., 2021b). 

The ventral margin of the reflected lamina is incomplete. A thin ridge runs posterodorsally 
above the dorsal notch (Fig. 3A, B), without any expansion in its dorsal end, differing from 
the condition in Jimusaria (Shi and Liu, 2023). The posteroventral fossa is partly preserved on 
ventral margin of the reflected lamina. The angular gap is wide, and forms a distinct angular 
fossa (Fig. 3A, B). 

Postcranial skeleton: Vertebrae and ribs At least 26 vertebrae are preserved, although 
many of them are preserved only as the amphicoelous centra (Fig. 4A—I). Three articulated 
dorsal vertebrae and three sacral vertebrae might belong to IVPP V31403, considering their 
smaller size (Fig. 4G, H). Only those vertebrae that can be referred to specific regions are 
deSeribed here (Fig. 4C—H). 

Thevaxis and the third cervical are articulated (Fig. 4A, B). The axis features an 
anteroposteriofly,expanded neural spine and the odontoid. The prezygapophysis is broken but 
the postzygapophysis extends posteriorly beyond the posterior margin of the centrum. A small 
boss is developed near the anterior margin of axis centrum, posterior to the odontoid. King 
(1981) proposed that is a facet/for a cervical rib in “Dicynodon trigonocephalus”’, but the rib is 
not observed here or in the specimens ofM. fiufengensis (Liu, 2021). 

The dorsal vertebrae feature high, nearly wertical neural spines; reduced, more vertically 
oriented prezygapophyse; horizontally oriented/postzygapophyses and slight overlap of the 
postzygapophyses by the prezygapophyses from thedateral side. Their lateral surfaces of the 
centra are slightly concave and smooth (Fig. 4C, D). 

Three sacral vertebrae of IVPP V31402 can be identified»likelypthesfirst to the third. 
They are identified by the elongated and vertically oriented prezygapophyses of the second 
one and the third one, the reduced postzygapophyses, the posterodorsally ‘oriented neural 
spine, and the fused centra and zygopophyses. The centrum of the third sacral of the series 
is anteroposteriorly elongate and laterally narrow (Fig. 4E). The third through fifth sderal 
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Fig. 4 Turfanodon bogdaensis from the Guodikeng Formation, Turpan, Xinjiang 
A-F. IVPP V31402, axis and the third cervical in left lateral (A) and dorsal (B) views, four dorsal 
vertebrae (C, D), three (1st—3rd) sacral vertebrae (E), and two caudal vertebrae (F) in left lateral view; 
G-H. V31403, three dorsal vertebrae (G) in dorsal view and three (3rd—Sth) sacral vertebrae (H) in left lateral 
view; I, J. unidentified vertebrae (I) and ribs (J). Abbreviations: b. boss; od. odontoid 
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vertebrae are preserved in V31403 (Fig. 4H). The fourth sacral vertebra still fused with the 
third one, and the base of its neural spine extends more posteriorly than the anterior one, as 
in T. jiufengensis (Liu, 2021). The fifth sacral vertebra does not fused with the fourth, and its 
prezygapophyses are reduced in size compared to those of the more anterior sacral vertebrae. 

At least two caudal vertebrae are preserved, consisting of only centra and incomplete 
neural arches (Fig. 4F). They lack the transverse processes and rib facets. 

Several separate ribs are preserved, most of them are only partially exposed from the 
surrounding matrix (Fig. 4J). One exposed proximal end is holocephalous and grooves are 
present on the shafts of some ribs, indicating those ribs belong to the posterior portion of the 
dorsal rib series. 

Sternum: The incomplete sternum is preserved with the left pectoral girdle, and is 
exposed ventrally (Fig. 5A). It is parallelogram-shaped, measuring ~11 cm in anteroposterior 
length “Onejsternal boss present along the lateral margin (Fig. 5B). 

Pectoral gifdle: The preserved pectoral girdles include the scapula, procoracoid, and 
coracoid from th®left.side and the procoracoid and coracoid from the right side. The clavicles 
are missing. The left pectoral girdle is articulated (Fig. 5A, B), while the right one is separated 
(Fig. 5C, D). 

The scapula is distinctly convex laterally, fitting the body contour (Fig. 5A, B). Its 
anterior edge projects laterally as a crest, andpthe origin of the M. triceps scapularis is 
developed as rugosity. The scapula has a large ventralearticular surface for the procoracoid, 
and a deep notch on the ventral margin. This notch contributes\to the border of the coracoid 
foramen (Fig. 5A, B). The acromion process is incomplete but well/defined (Fig. 5A). 

The procoracoid and coracoid are sutured together as the coracoid ‘plate, (Fig. 5B). The 
procoracoid is a nearly square bone with a notch on the posterodorsal edge/(Fig. 5A—C). This 
notch forms the procoracoid portion of the coracoid foramen. The procoracoid dees not 
participate in the glenoid (Fig. 5B). The coracoid has a strongly concave medial surface 
(Fig. 5B, D). The origin of the triceps coracoideus is thicker than the other portion of the 


Fig. 5  Turfanodon bogdaensis (IVPP V31402) from the Guodikeng Formation, Turpan, Xinjiang 
A, B. left pectoral girdle in lateral (A) and medial (B) views; C, D. right procoracoid (C) and right coracoid (D) 
in lateral view; E-G. photos and drawing of right illum in medial (E, F) and lateral (G) views; 
H. right ischium in lateral view; I. mirrored left pubis in lateral view 
Abbreviations: acp. acromion process; CO. coracoid; fSC. facet for scapula; gl. glenoid fossa on coracoid; 
n. notch; PCO. procoracoid; SC. scapula; sf. facet for sacral ribs; ST. sternum; 
tric. origin of triceps coracoideus; tris. origin of triceps scapularis 
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coracoid edge (Fig. 5D). 

Pelvic girdle: The elements of the pelvic girdle are disarticulated. The ilia and the 
ischia of both sides are preserved, but the right ones are more complete; only the left pubis is 
preserved (Fig. 5E—I). 

The dorsal edge of the iliac blade is incomplete (Fig. 5E-G). The preacetabular process 
is longer and higher than the postacetabular process. Medially, three facets for the sacral ribs 
can be observed on the middle (Fig. 5E, F). According to Liu (2021), Turfanodon jiufengensis 
possibly has six sacral ribs. The fossae of T. bogdaensis suggest that at least three ribs 
are firmly articulated with the ilium and the rest of them are free from it in this species. A 
constricted neck lies ventral to the blade. 

The ischium is a fan-shaped plate, it contributes to the posterior portion of the acetabulum 
(Fig. 5H). The outer surface is slightly convex. A notch for the obturator foramen lies anterior 
to thémeck of the ischium, close to the acetabulum. 

The pubis%is a relatively small bone (Fig. 5I). Its body is laterally curved, the posterior 
portion has a nétch, which forms the anterior margin of the obturator foramen. 

Limbs: Three humeri and two different sized femora are preserved together, indicating 
that there are at least two individuals preserved (Fig. 6). Based on the sizes of the articular 
facets of the limb gridles and proximal widths of the limbs, the larger limb bones are referred 
to the same individual as the limb girdles¢ The larger humerus is similar in size to a humerus of 
T. jiufengensis (IVPP V26035) (Fig. 6E, F), the skullsof which is of comparable size with IVPP 
V31402 (Liu, 2021) (Fig. 2). Based on this, the larger limbsyand girdles are referred to the 
same individual as the cranial material here. 

Forelimb: The humeri are well-preserved, including two larger both side humeri (IVPP 
V31402, Fig. 6A, B, E), and a smaller complete right humerus (V31403, Hig. 6C). Dorsally, the 
humerus proximal head is rounded, and a rounded, rugose region lies posterior to thescondyle, 
which is the insertion of the M. subscapularis (Fig. 6B). A bulge developed anterior to thé 
humerus proximal head, which should be the insertion of the supracoracoideus (supraspinatus) 
(Ray, 2006; Bishop and Pierce, 2023a), but it is less developed in Lystrosaurus (Fig. 2C, D). 
A thin, curved deltopectoral crest is located anteroventral to the proximal head. This crest is 
a triangular, thin plate that is convex dorsally, and extends for nearly half the length of the 
humerus (Fig. 6A—C). The insertion of the M. latissimus dorsi (the insertion of the M. teres 
major according to Bishop and Pierce (2023a)) shows a pinna-like shape (Fig. 6A). The 
entepicondylar foramen penetrates the ridge which is elongated by the deltopectoral crest edge 
(Fig. 6B). The anteroposteriorly continuous distal articular facet, can be divided, from anterior 
to posterior, as the ectepicondyle, the ulnar condyle and the entepicondyle (Fig. 6E). Contra 
Kammerer (2018), a “supinator process” (the “brachioradialis process” according to Bishop 
and Pierce (2023a)) is present in Turfanodon bogdaensis, T. jiufengensis and even Lystrosaurus 
(Fig. 6A, D), located proximal to the ectepicondyle, and close to the base of the shaft as in the 


Triassic stahleckeriids Pentasaurus and Zambiasaurus (Kammerer, 2018). 
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Fig. 6 The limb bones of Turfanodon 
A-C. right humerus of T. bogdaensis in dorsal (A, C) and ventral (B) views, IVPP V31402 (A, B), V31403 (C); 
D. right humerus of T. jiufengensis in anterior view, V26035; E, F. comparison of right,humerus 
of T. bogdaensis (V31402) (E) and T. jiufengensis (V26035) (F) in distal view; G, H. ulna (GY and radius (H) 
of T. bogdaensis (V31402) in anterior view; I-K. left (V31402) and right (V31403) femur of T bogdaensis in 
dorsal (I) and ventral (J, K) views; L, M. tibia (L) and fibula (M) of T. bogdaensis (V31402) in antérior (L) 
and lateral (M) views; N, O. astragalus (N) and metatarsal (O) of T. bogdaensis (V31402) 
Abbreviations: dep. deltopectoral crest; ec. ectepicondyle; en. entepicondyle; enf. entepicondylar foramen; 
fR. facet for radius; if. insertion of iliofemoralis; ld. insertion of latissimus dorsi (teres major); 
oc. olecranon process; ssc. insertion of subscapularis; sup. supinator (brachioradialis) process; 
tre. trochanteric crest; uc. ulna condyle 


The ulna is incomplete, only the proximal portion is preserved. The proximal end is 
relatively flat and extends lateromedially (Fig. 6G). There is a triangular facet for the radius 
facing anteromedially. The proximal end extends laterally as a small olecranon process (Fig. 6G). 
The radius is a rod-like bone with a concave proximal end and a convex distal end (Fig. 6H). 

Hindlimb: The preserved two femurs are slightly different in size but nearly identical in 
shape (Fig. 6I-K). The femur has a hemispherical head which is continuous with the shaft. 
Lateral to the femoral head is the trochanter major, which is a flat, broad crest. Distally, it bears 
the insertion of the M. iliofemoralis and the distal end convex anteriorly. The trochanteric crest 
is about 2/5 length of the femur; this ratio is larger than that of Lystrosaurus but similar to that 
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of the kannemeyeriiforms Parakannemeyeria and Shanbeikannemeyeria (Sun, 1963). 

The left tibia and fibula are well preserved (Fig. 6L, M). The tibia is a robust bone with a 
prominently expanded proximal end and gently expanded distal end. The fibula is a thin, rod- 
like bone without any crest on the shaft. Medially, the proximal end of the tibia has a notch 
fitting the lateral condyle of the fibula. The proximal facet for femur of the fibula shows a 
“quotation mark” shape. 

An astragalus (Fig. 6N) and metatarsal (Fig. 6O) are preserved. The astragalus is a nearly 
rounded bone, a groove and a concave developed on its surface. 


4 Discussion 


IVPP V31402 can be referred to Turfanodon based on the combination of a narrow 
intertémporal bar, large temporal fenestra, premaxilla contacting the frontal, and nasals 
separated by the premaxilla and the frontal. A ‘three-toe’-shaped, depressed preparietal 
was previously proposed as an autapomorphy of T. jiufengensis (Liu, 2021). Although the 
preparietal of V31402 ismthree-toe’-shape rather than oval, it can be referred to T. bogdaensis 
based on the presence Of slightly raised nasal bosses, prefrontal anterior extension not 
extending anterior to lacrimal, and maxillary contact with nasal, indicating that preparietal 
shape does not allow confident distinction/between the two species of Turfanodon. 

We found more differences between f. ‘o@daensis and T. jiufengensis, including that 
the lateral surface of the snout region is nearly flat rather than concave (Fig. 2) and the 
lateral dentary shelf forms a prominent swelling rather thâna thin sheet in T. bogdaensis. T. 
bogdaensis (IVPP V31402) has a more rounded femoral head, while ZT jiufengensis (V26038) 
has a less distinct femoral head, although the latter is larger (and thus/one would presume it 
would be better ossified) than V31402. 

Within T. bogdaensis, different specimens exhibit different degrees of parietalpexposure. 
IVPP V3241 and IGCAGS V296 have deep grooves overlapped by the parietals, but in 
IVPP V31402 the groove is relatively shallow, and is limited on the posterior portion of the 
intertemporal bar (Fig. 1A). This difference could be due to the ontogenetic variation. The 
narrowing of the intertemporal bar and the parietal exposure is a common ontogenetic variation 
among the dicynodonts (Kammerer et al., 2015). 

This study presents the osteology of the mandible and postcranial skeleton of Turfanodon 
bogdaensis, including characters that were previously unknown for this genus. The postcranial 
bones are generally similar to those of other Dicynodon-grade dicynodontoids except for the 
shape of the ventral margin of the scapula: its basal portion is deeply notched by the large 
coracoid foramen and it appears there is a distinct anteroventral projection below the acromion 
process (Fig. 5A, B). A scapular contribution to the coracoid foramen is also present in, e.g., 
Diictodon, Dicynodontoides, Lystrosaurus, and Ischigualastia, but the scapulae in those 
taxa do not have such a deep notch as in IVPP V31402 (Young, 1935; Cox, 1959; Cox and 
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Parrington, 1965; Ray and Chinsamy, 2003; Angielczyk, 2007). This suggests that the deeply 
notched scapula is autapomorphic for the genus Turfanodon. The large coracoid foramen 
might house a robust subclavian artery passing through (Romer, 1956). The insertion of the 
M. supracoracoideus is strongly developed on the humerus (Fig. 2C), indicating that this 
muscle was well-developed in Turfanodon. Both the more abundant blood supply and strong 
M. supracoracoideus suggest well-developed anterodorsal movement of the forelimb (Ray and 
Chinsamy, 2003; Ray, 2006; Bishop and Pierce, 2023a). 

Variation in the preparietal: Referral of IVPP V31402 to Turfanodon bogdaensis indicates 
that the “‘three-toe” shaped preparietal is not exclusive to T. jiufengensis, and the preparietal 
shape shows substantial variation in T. bogdaensis specimens. Because the oval-shaped 
pteparietal appears in relatively larger skulls, this variation may be related ontogeny. In T. 
Jiufengensis, the preparietal shape is unknown in the large skull, but it shows some variation 
in the Smafl-sized skulls (Liu, 2021). Based on the condition in T. bogdaensis, we now 
hypothesize that)Pyiufengensis also had an oval-shaped preparietal in the adult. 

Two other dicynodont specimens show the similar preparietal shape to that of small 
Turfanodon: NHMUK R4955 and RC 64. NHMUK R4955 is the holotype of Palemydops 
platysoma and has a trident-shaped preparietal with anterior and lateral processes of 
comparable length, plus a unique posteriér élongation of the pineal foramen (Broom, 1921; 
Boos et al., 2016). RC 64 is the holotype of Dicynodon duvenhagei, in which the preparietal 
has three similar processes, but the suture is more tortwous than in Turfanodon (Broom, 1947). 
The validity of both species is questionable. NHMWK R4955, was considered a possible 
specimen of Pristerodon mackayi, but later regarded as a nomen duibium.due to its incomplete 
preparation by Keyser (1993), although King (1988) considered it æalid but of uncertain 
relationships. RC 64 was referred to Kingoria by Cluver and Hotton (1981), and subsequently 
referred to the species Dicynodontoides recurvidens (Angielczyk et al., 2009; Kammerer et 
al., 2011). A preparietal with three processes is unknown in the other published specimens of 


Dicynodontoides, and is also rare within Bidentalia. 
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